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L Experiments upon Metals^ made imth the Burning- 
Clafs of the T>tike of Orleans. By Monjteur 
Geofiroyj F, ^ S. 



^T^ H E Duke of Orleans., out of the deiire he has to 

1 promote ufeful Arts and Sciences, ha%ang permit- 
ted foch of the Royal Academy of Sciences as have had 
inoft Experience in fubjeds of this Nature, to make u^q of 
his Burning' glafs 3 I took this Opportunity to ^examine 
the diScrent Chaoses that Metals (uffer when placed in 
roe Focus of this Giafs, whole Heat and Efficacy tar 
ibrpaiies the force of our common. Fires. 

The BornLng glafs is three Foot in Diameter ^ it col- 
kas the Rays of the Son at t^n Foot diftancej where 
it ibriiiS a Focus of about three Inches over, which is 
again contracted by means of an other Glafs- Lens to 
m Inch Diameter, and conlequently is rendered three 
times as ftrong. 

I (hall only relate here what I have obferv a npo:i 
the four Impeifed Metals, viz. Iron, Copper, Tin, and 
Lead : And fnaii fay nothing at prefent of Gold or Silver ; 
becaufe as their Analyfis feems to me much more difficuk 
than that of the other Metals 5 l fnall forbear^ Inquiries 
upon them> all I have examhied as far as poilible into 
the Nature and Compofition of the foimen 

What was a great hindrance to me in making thefe 
Experiments in the focus of the Glafs, was the diffi. 
culty I had to find any Matter capable of holding the 
Metal§ in fufion. 
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Ciisrcoal,; which is commonly maie ofc of, is ijideed 
a very proper Aibftance^, but it is impoiliblc with it to 
vitrify any one of the Metals,: The Particles of the Me- 
tal, when held any long time in fufion in the Focns of 
the Glafs, difilpate and fly away ia Fume or fmail Parci- 
cles 5 and as long as any part remains, that Httie that does 
remain, is always MetalUck^ until the whole be quite 
evaporated. 

The reafon of ivhich I take to be this. Charcoal is a 
fiibdance deeply impregnated with Oily or Sulphurous 
Parts (if I may fo call them.) The firft E&d: that Fir 
has upon Merals is to feparate the fulphuroas Parts: now 
if in prcponion as the Sulphur is G:parared from th 
Metal, the Body that fapports the Metal turniihes it^new 
with other ialphoroos Parts, the other Principles will ne- 
ver (eparate, and the Metal will aiv\ ays remain Metal. 
And no'-hing but the greateft degree of Fire is able ro 
raife and feparate the Sulphur, and that but by little :3nd 
iiide, and ia very (mall Particles. 

! had then recourfe to an other Matter^, that coald 
r:ot any ways be fufpeCbed of containing any Oily Pans* 
Mr.Tfchirrj/jaiss.. rowhom we are obliged for Makin<5 of 
thefe large Gialies. and the firftExperiments that have been 
made widi rhem, lays, he has vitrified Metals by holding 
them in Chma ware, ft is true, this fucceeds pretty well, 
provided the Pic es be very chick, aiid the Gh^zing taken 
off: But the diniculty I had to find a fufficient quantity 
of thick and proper Ckina ware to make all thefe Ex- 
periment§, forced me to have reeourfe to more common 
fubjefts, as well as fachj if poliible, as were lefs cap.% 
ble of melting. 

Of all the oiikrent forts of Matter that I made Tryal 
of^ what feem bm were the Common Coppels and Plates 
of gray Fire.ftone, The Coppels hold the Metal a long 
time in fufion in the Focus oi the Glafs without melting-, 
excepting Lead^ v/hich eafily runs, thro' them as fooaas 
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it vitrifies^ and helps to diflblve them. The Plates of 
Fire-ftone bear the Heat of the Focus much longer than 
any other Muter ^ but great care is to be taken in heat- 
ing them without breaking, 'till they become red- hot, 
and when ihey are hot the leaft cold Air makes them melt. 
Keverthelefs this is the only fubftance that 1 have ufed 
with moOc faccefs, to hold Metals a long time in fufion, 
tho' whh the greateft caution that was poflible, to avoid 
the Inconveniences aforemention'd. 

An other thing that has hindered me from carrying on 
thefe Inquiries upon Metals fo far as I could have with- 
ed, has been the few clear Days we have had for thefe 
two Years paft 5 for the greateft part of thefe Experi- 
ments require a bright, ftrong, and conftant Sun to keep 
the Matter a long time in perfeft fuliion : And I have 
fcarce had, for this !aft Year, above three or four fuch days 
as I could vi^ifh for^ the Sky having been almoft every 
day cover'd with Clouds about Noon, wnich is the only 
time of the day fit for thefe Experiments. 

1 come row to the Particulars of what Experiments I 
have made; and (hall begin with thofe on Iron, 

Of Iron. 

I placed in the Focus of the Burning-glafs a pieceof 
forged Iron of about a Drahm weight: It turnd red-hot, 
and its furface was coverM v/ith a black Matter like Pitch 
or Tar. If one withdraws the Iron out of the Focus in 
this ftate, this Matter fixes itfelf on the furface of the Me- 
tal, and there forms a fmall Skin or very fine blackifli 
Scale, which is commonly very eafily feparated by ftriking 
upon it ; and that part of the Iron that was cover'd with 
this Scale appears blacker than ordinary- This Scale 1% 
fome of the folphurons part of the Iron that rifes to 
and Surface of the Metal when it is ready to melt, 
the there remains fcf fome time before it exhales. 

It 



tt is plainly tliis fulphurous part that rifts upon tton 
and polifti'd Steel when hearcd, and gives them all thofe 
different Colours^ from a Yellov/, to a Vioier^ Water- 
Colour^ or Black. 

If one continues to hold this Piece of Iron on the 
Charcoal, it intirely mdts 5 and at the fame time cafts 
forth very bright Sparkes in a great quantiiy, fometimes 
to above a toot diftance from the CoaL 

If one faves what fiies off during this fparkling, by 
holding a Sheet ot Paper under the Ccal j we find 
tfaat they are fo many very fmall Globules of Iron^ 
and thcgreateft part of them hollow. 

All the Iron that is held in fafion upon the Coal, 
fiies away in fparkles after this manner, ^ill none re- 
mains. Sometimes the Mecal leaves off fparkiing, when 
the Coal is in part confamcd, and covered with a Bed 
of Cinders, upon which lies the melied Iron. For as 
the fparkiing of the Iron feems to me to proceed from 
nothing but the oily parts of the Coal adting upoii 
thofe of the Metal, the Cinders hinder this Oil from 
palling from the Coal to the Iron, fo that it remains 
quietly in fufion. But if thro* any fhake, or the like 
accident, the Cinders are fo removed that the Iron 
comes to touch immediately the Coal, it will begin to 
(parkle afreth. Sometimes the Heat that keeps in fufion 
the Metal, vitrifies alfo the Cinders j and this vitrified 
Matter mixing with the Metal makes a confidcrable 
Ebullition. If one at this inflant withdraws the Metal 
out of the Focus, it appears half vitrified, or reduced 
to a blackilli friable Mafs. Ochercimes this vitrified 
Matter fwims on the fuiface of the Metal, and there 
forms it felf into Drops, that are fometimes clear and 
tranfparent, and other times opake, according as it u 
more or leia mixed wiili the Metal. 

L 1 i Further^ 
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Forrliermore, if after liaving let the mdtcd Iron cool 
upon the Coal, one e^^pofes it again to ihe Focus of the 

Giafs upon- the Stone^ it iparkles afrcili till it is all confu- 
meci 5 which common Iron will not do, that h iS not 
been e^pofed to the beat of ' the Focpts upon CharcoaU 
This Sparkling, probably proceeds from the iuddeo Rari- 
tadtion of the Oily pairs ot the Coal, with which the 
Pores of the Iron are fo plentifully faturated 5 or per- 
haps ir m^y be caaftd by the S^lts of the iron afting on 
the Oil of the Coal 

I expofed to the Facusy upon a Stone-flate, Iron and 
Steel : they grew red hor^ and melted without crackling 
or calting off any Sparkes : they fmoak'd very ccc^fide- 
rably, and the melted Metal turn'd by little and Iittte like 
an Oil After having withdrawn this melted Matter out 
of the Focas, it fix'd in a Regukis^ikej friable Mafs, 
and appeard (bmecimes lightly ftriated, or fbot into 
fliarp Points like Needles^ Tho' this matter does not ap- 
pear at all tranfparent^ yet we may look on it as the 
beginning of yicrification, or a middle ftate between 
Metal and Glafs 2> for it v/ould vitrify in the end like 
other Metals, ' if one could hold it a fofficient time in 
the Focus withaiat melting or mixing with v/hac fuftains 
it : Bat eontinumg it long in the Focus, the cxtte^im Heat 
of the $Q\\ that.i^ neceflary to keep it in perfed fufion, 
roi^lts likewife the Ston« or Coppel thit contains it, the. 
fcfolt of which mixture is a brown or greyifn fort of En- 
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We may thQn take this Rcgulus Mafs to be a half vi- 
trilled Iron, by reafon it is deprived of great part of its 
Sulphur. If one adds to this Maft a Sulphur like that 
which was taken from it, from being friable it turns very 
hard and maileable^ and the dolaefs it bad b.tbre^ chan^ 
i:reb to the bms^htnels of a Metal, This is what I have 
ctrytntm^'d 2n cxpomm again this Matter to the Focus up- 
mi Ciiarcoai: itmeks^ and lb continues aconfiderable time 
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h\ fufFon Without fparkling, but at laft fit fparkki with 
the fame brisknefs as Iron itfelf 5 and when withdrawn 
from the Focus, appears nothing different from melted 
Iron. 

It appears from thefe Experiments, that Iron con- 
tains a iulphur or oily Subftance, that renders it brighr, 
malieabie, and eafy to melt* 

That this Sulphur is raifed by the Fire of the Suo^ when 
the Metal is for forae time held in fufion in the Focus of 
the Glafs, 

That this fame Sulphur may be- raifed by the Flame c€ 
common Fire, which tho' not flrong enough to melt th : 
Iron, yet is able to reduce it to an Efchar or fort of 
Ruft- 

That Iron deprived of this fulpburous part^ meits into 
a Regulus, or brittle and friable Mafs, in colour much 
like Aniimony. 

That if one can hold a fofficient quantity of this Matter 
long enough in the Focus by itfelf, without meittag or 
mixing with the Body that contains ii% it perfediy vitri- 
fies. 

That this Glafs or metallick PvCgiiUis, with the help 
of a little Oil, returns to its former ftate of a Metal 

That it reaiiumes this metallick Form upon CLiarcoal, 
by drawing thence this oily Subftance, 

That, in (liort, this oily part contain'd in the Coal, i^: 
little different from the Sulphur of Iron. Neverthelefs 
we muft imagine it to diffcrr in feme particulars, in that 
melted Iron that has been (amrated with it, crackles and 
fparkks very moch when melted again upon the Stone or 
Cop pel 

Iron being the only Metal in which I have oblervcd 
thiS. i]3arkiing, I take it to be a Property peculiar only to 
Iron and not to any other MetaL Perhaps we ma^ attri- 
:}iite it to the vitriolick Sale that this Metal lb plcntifaUy 
ibounds withj which is very greedy of Sa;phiirs. 
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To this nrme greedinefs alfo, with which the vitriolick 
ak of Iron abforba the oily part of the Coal, we may 
itrribotethe eafinefs with which Ironconfumes the Coal .5 
for there is no other Kfetal that fo foon wafts the Coal 
ii ibe Focus of the Glaft, as Iron does* 

An other Obiervation upon Iron is, tfeat it is the only 
one of the four iniperfed: Metals, on which vitrified 
Drops arile while it is in fufian upon the Coal : The rea- 
ion ot whkh I have not yet been able to difcover. 

Of Co^pen 
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;opper expofcd to the Focut of the Burning-gjafs, a^ 
urns %vhite on its furface^ and afterwards grows 
black, and is covered with a kind ot Skin, or black, fur* 
Tow'd, and uneven Scales, till at Life it qaite melts. 

I have withdrawn this Metal our of the Focus as foon 
as this white colour has appeared, and after it has been 
cold, found nothing extraordinary on its furface, which 
has again by little and little recovered very near the fame 
Colour as it had before. 

I have not been able to difcover from whence this white 
Colour proceeds 5 unlefs we may attribute it to fome Vo- 
Mtile Arfenical Salt contained in the Copper, and driven 
by extreamiry of Heat to the furface of the Metal j or whe^ 
Cher it purely proceeds from the alteration that is made in 
the groffer parts of the furface of the Metal when it be- 
gins to melt. The black colour that Copper afterwards 
takes, feems to be cauild by the fuJphurous Matter that 
melts firft in this Metal as well as Iron, and is raifed to 
its furface by the extream Heat 

I placed a piece of Copper in the Focus upon Char- 
coal : It aieked, and emitted a very thin Fume, and by 
little atid link diminifiied till it was all evaporated. 



( ?80 

I pst a piece of red Copper on a Coppel into the 
Focus of the Glafs: it melted, and fbnt forrh fome thiii. 
Fumes 5 and after it had been fome time in fuiion, it turn'd 
liquid like an OiL I withdrew this melted matter, and 
as it grew cold, it fix'd into a Reguius of a reddifli 
brown colour, which was hard, brittle, and not duQ:ile 
under the Hammer. If one breaks it, it turns into a red 
Powder like Cinabar of Antimony 5 and when view'd 
with a Microfcope, appears fo many little, red, tranfpa- 
rent Grains like fmall Rubies; in fo much that one would 
readily take this Regulus to be a deep coloured red 

Glafs. 

I endeavoured to make this vitrified Copper fprea^i 

abroad in melting, by mixing it with common white 
Glafs 'y for which end I powdered fome of this vitrifi- 
ed Copper and common Glafs, and mixing them melted 
them together ^ but the Mixture when in fufion took at 
firft a beautiful green Colour, and continuing it longer 
in the Focus, it turnd blewifh. I believe we may attri^ 
bute this change of Colour to the Alcali Salts of rhe 
Glafs aSiog on the Particles of Copper 5 for thofe Sa!c3 
ufually draw a green or blewifti Tin^uie from this Me^ 
taL 

To preferve therefore this red Colour of the vitrified 
Copper, when mix'd with common Glafs, I made ufe of 
this Expedient* i melted in the Focus upon a Coppel a^ 
piece of Copper, and as foon as it began to vitrify I caft 
upon it fome common Glafs 3 as foon as the Glafs wasr 
melted I took them together out of the Focus without 
confufiiig them 5 and as foon as they were col J, (cnDarateil 
the Regulus from the Glafs as well as poilible; sod pickV! 
out of it fome pieces of ilm Glafs, loaded with form 
Ycry fmall red tranfparent Particles of the Regulus, 
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t^his vitrified Copper is then nothiag but Copper de- 
firived, by means of hear, of the fulphurous part, that 
gave it the form of a Metal. A proof that this metalHck 
form proceeds from nothing elfebut this Sulphur, is^ that 
if one expofes this vitrified Copper lo the Focus upon 
Charcoal, it realTumes in a little time the Colour and 
Coofiftence of melted Copper ; and as it grows cold, 
fixes into a good red malleable Copper, as fine and hard 
as it was before it was vitrified. 

It follows from thefe Experiments, that the Bafis of 
Copper is a red Earth fufceptible of Vitrification* 

That this Earth receives its metallick Form from a ful- 
pliurous fabftance^ in appearance no ways different from 
die Oil of Vegetables or Animals. 

That one may deprive Copper of this Oil , by holding 
it long enough in the Focus, or by Calcining it in the 
Flame of common Fire. 

That Charcoal reftores again this oily Part to Copper, 
and at the fame time its metallick Form. 

Ic appears further, that the Oil of the Coal has not 
fo confiderable an effed upon Copper, as it has upon 
Iron. 

Copper expofed a long time to the Focus upon a Stone 
or Coppel, fumes very much, and diminiChes in weight 
very con fiderably. i dou't think that this fume is on- 
ly the fulphurous part of the Metal, the Evaporation of 
which mufi be infenfiblej but I believe that with this Oil 
there is mixed a great deal of the earthy, vitrifiable part 
of the Metal, which the heat of the Sun {iiblimes and 
f si(es in Flowers. 

Of Tin. 






Fin e:?^poicd opoo Coal to the Focus of the Baroing- 
^.w*.., melrg, and emits a grols, white, thick Fume, unul 

ix is all conlumed in Vapour s» 
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If one melts Tin upon a Goppel in the Focus of the 
Giafs, it fumes very much^ and its furface is covered with 
a white rarified Cak^ on which by little and Ikck arifes 
a tuft, or heap of ftiarpt needle-like, tranfparentj criftal* 
line ParticleSj confifting of an infinite number of fmall 
Points. 

If one continues to hold this Mafi io the Focas upon 
the Stone, thefe Criftals at lenghth leave off fuming^. 
and remain fixt^ while the Stone melts and vitrifies. 

I took Calx of Tin, which is Tin n^duccd to a grey 
Powder by means of Fire, that has taken away by Calci- 
nation great part of its oily Subftance, aed expofed it 
on a Coppel to the Focos, where it lurried again very 
mnch^ and was redoced into (harp chriftaliioe Particles 
confifting of other fmail Points. 

In re-expofing thefe chryftalline Particles to the Focm- 
npon Charcoal^ they melted very eaCily, and took again 
the Form of Tin ^ the Coal having furoift-icd them- with: 
the fulphurous part that the Fire had before taken away»^ 
Every body knows, that if one adds any Fat, or the like 
inflammable Matter^ to the Calx of Tin when red-hot in 
the Crucible, it rcaffumes immediately the form of 
Tin. 

Thefe Experiments (how, that Tin contains a Sulpho 
that is very eafily (eparated, (incc common Fire can do 1 
fo readily^ and that this Metal calcined, or deprived of 
its Sulphur, is eafily faturated again with it frora the oily 
part of any inflammable Matter whatfoever. 

It proves alfo, that the metalHck Earth which is the 
Balis of Tin, is a CrtftalUne Earth, very difficult to be 
melted 5 fince comroon Fire cannot vitrify this Metal by 
it felf, and that the heat of the San, in the Focns of 
rbis large Barning-Glafs of the Palace-aoyal, cannoepi 
fecily melt the Calx into which this Metaf is reduced. V 
aiay prefume that the CriftalUration, or reducing of tim- 
Mcrn.1 into iharp-poin ted. Particles, proceeds from the-f©-:^ 



f^ 



t 



r^i** 



i'R'. AS» 






W"^v^: 



( 5^4 ) 

f he Sun's breaking and welting together into a Sod^er 
(if I may fa fpeakj fome of thefe fmall Criftals, by de- 
grees as the fulphurous part leaves them 5 it not being 
ftrong enough to melt them all down together la one 

intire MaO. 

Of Lead^ 

i took Lead, and held it in fufion upon Charcoal in the 
Focus of the Glafs: it ail wafted away in abundance of 
Fumes. 

I expofed the like quantity of Lead upon a Stone to the 
Focus, where it caft forth great quantities of fumes, and 
by little and little changed into a fluid Liquor like Oil or 
melted Rolin- This Liquor, as it grew cold, fix'd into 
Glafs^ which has this peculiar to it felf, that it is difpofcd 
into Plates like Vemtim Talk, and that it is flabby, foft 
to the touch, tranfparent, and m fome parts of a green* 
ifli or reddjfli Yellow. 

In continuing this matter in the Focus, it fpread upon 
the Stone like Varnifh j and it laft penetrating it, helped 

to melt it. 

I placed this talky Earth in the Focus upon Charcoal •• 
It melted, and in a little time after rcaffumed the form of 
melted Lead. I withdrew it from the Focus, and having 
let it cooU found it nothing different from Lead. 

Tbefe Experiments (how, that there if in Lead, z% well 
as the other imperfed Metals, a fulphurous part, that is 
eaOly feparated by common Fire or the heat of the Sun 5 
mA that this Metal has for its Bafis 21 foliated or talky 
Earth 
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Of ^tickfilvcr. 

I ftiall add here fome Experiments that I have niad.e 
upon Quickfilver 5 tho' I can'c yet draw any polirive 
Conclufions from them, not having profecured them fo 
far as is necelTary for that purpofe. 

I placed Quickfilver in the Focus of the Burningglafs 
upon Charcoal, upon the Coppel, and upon the Stone t 
It all immediately difperfed, and exhaled in a very thick 
Fume, 

I expofed upon the Stone to the Focus fome Mercury 
precipitate per fe^ in a degree of heat equal to that of dige- 
ftion : It feem'd to melt, but prefently difpeifed inVapours i 
only there remained a fmal! quantity of a very rarified 
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Duft, like a Froath or Scum 5 but continuing it in tl 
Focus, it melted, and gathered into a yellowifti Glaft, 
in which one might diftinguiih fome Particles of Metal 
like Silver. 

1 expoCed fome Mercury Vreclpltate per fe upon Char- 
coal: It fumed very much 5 and as it melted one might 
fee little Globules of Mercury unite and form themfelves 
together upon the Coal, but they difpeifed again pre- 
fently in Vapours. 

Thefe Experiments feem to prove, that there is in 
Quickfilver a Sulphur that may be feperated by a very 
gentle heat, fuch as "that of Digeftion* 

That as foon as this Solphor is taken av^ay, it lofes its 
Fluidity and Brightnefs. 

That the Bafis of Mercury is a Calx, or red Earth, 

That this Calx does not mtlt inco Gkfi as the Calx of 
other Metais, becaufe it is too Volatile^ aad as foan as 
it melcsis evaporated by the hear. 
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That if one reftores to this Calx a Sulphur, by expo- 
ling it again to the Focus upon Charcoal, it realTumes 
Immediately its metaiiick Brightnefs and Fluidity, and 
becomes Qiiickfilver. 

I cannot tell whether this light Earth, that remains 
open the Srooe after the evaporation of the Calx of the 
Mercury, be a part of the Earth ot the Mercury more 
cxadly deprived of its Oil, and confeqoently more fixt 
and proper for Vitrification 5 or whether it may not 
be (bme Matter foreign to the Mercury, that fixes 
it felf, and remains behind at its Evaporation. But 
this I ftiall examine more particularly hereafter. 

The P^efult of all thefe Experiments is, that thefe 
four Metals which we call imperfed, vi%. lion, Cop- 
per, Tin, and Lead, are compofed of a fulphur or oily 
Subftance, and of a metaiiick Earth capable of Vitrifica* 
cation. 

Tliat from this Sulphur proceeds the Opacity, Bright- 
nefs, and Malleabiiity of a Metal. 

That this metaiiick Sulphur does not appear at all 
different from the Oil of Vegetables or Animals. 

That it is the fame in Mercury as in the four im- 
perfed Metals* 

That thefe four Metals have for their Bafis an 
Earth fufceptible of Vitrificatioo. 

That this Eartli is different in every one of rhefe 
four Metals 5 in that it vitrifies differently in each of 
rhem. 

And that on this difierence in Vitrifying depends the 
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airrereoce or ivietais* 

It remains that I flioold examine more particularly 
the Nature of thefe Earths or metaiiick Vitrifications 5 
to know if any other Principles or Sobftances may be 
feperated from them: But this I (hall endeavour to do 
hereafter^ in profecuting the Analyfis ot ihefe Metals as 
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